Abstract -Pulsation period changes in Mira type variables are investigated using the stellar evolution and nonlinear stellar pulsation calculations. We considered the evolutionary sequence of stellar models with initial mass M ZAMS = 3M ⊙ and population I composition.
Miras are assumed to be the stars of the asymptotic giant branch (AGB) with nuclear energy sources in the hydrogen-burning and helium-burning shells surrounding a carbon-oxygen core (Wood and Zarro, 1981; Iben and Renzini, 1983; Boothroyd and Sackmann, 1988; Vassiliadis and Wood, 1993) . Shell helium burning is characterized by thermal instability, that is by shortterm enhancements of nuclear energy release (Schwarzschild and Härm, 1965; Weigert, 1966) .
The thermal flash amplitude is so large that the energy release in the helium burning shell is by several orders of magnitude higher than the surface luminosity. The short-lived intershell convection zone created due to the large energy flux transports the products of helium burning upwards. After a shorth time the innner boundary of the outer convection zone descends in these layers and dredges up the material enriched in heavier elements to the surface of the red supergiant. Helium flashes are accompanied by changes in stellar radius and luminosity on the time scale of ∼ 10 3 yr and are thought to be responsible for secular period variation in Miras. In particular, the duration of the surface luminosity changes due to the helium flash is from one to a few hundredths of the time interval between two thermal pulses and is comparable with fraction of Miras with secular period variation. Moreover, Wood and Zarro (1981) showed that the period change rates in Mira type variables R Hya, R Aql and W Dra agree with lumiunosity variations predicted by evolutionary calculations. This conclusion, however, implies that these stars are the first overtone pulsators and, as noted the authors of the work, should be corroborated by the methods of the stellar pulsation theory. 
calculations of stellar evolution
To solve the equations of radiation hydrodynamics for self-excited stellar pulsations we need to impose the initial conditions corresponding to the hydrostatic equilibrium. In the present study the initial conditions were represented as models of the evolutionary sequence calculated with the MESA code version 7624 (Paxton et al., 2011; 2013; 2015) . The initial chemical composition was assumed to be that of population I stars with fractional mass abundances of hydrogen and elements heavier than helium X = 0.7 and Z = 0.02, respectively. The reaction network included isotopes from 1 H to 26 Mg.
Convection was treated through the classical mixing length theory (Böhm-Vitense, 1958) with a mixing length to pressure scale height ratio α MLT = 1.8. Convective overshooting was taken into account using the prescription of Herwig (2000) and the coefficient of convective diffusion D conv was assumed to reduce exponentially as a function of geometric distance z from the edge of the convective zone:
Here H P is the local pressure scale height, D 0 is the coefficient of convective diffusion within the convective zone in the layer located at 4 × 10 −3 H P from the boundary of convective stability.
Relation (1) was used for smoothing of the convective diffusion coefficient at boundaries of all convective zones and the dimensionless parameter was f = 0.016.
The mass loss rateṀ in units of M ⊙ /yr was evaluated according to Blöcker (1995) :
is the Reimers (1975) formula. The adopted free parameters are η B = 0.1 and η R = 1. hydrodynamical models
In the present study the equations of radiation hydrodynamics for nonlinear stellar pulsations are solved together with transport equations for time-dependent convection in sphericallysymmetric geometry (Kuhfuß, 1986) . The system of differential equations and the adopted parameters of the convection model are given in our previous paper (Fadeyev, 2015) . The solution of the equations of hydrodynamics is represented by physical quantities as a function of mass coordinate M r and time t. Time t = 0 corresponds to the initial state of hydrostatic equilibrium.
As in the studies of nonlinear pulsations of massive red supergiants (Fadeyev, 2012; 2013) the mean pulsation period Π was evaluated by a discrete Fourier transform of the kinetic energy E K (t) of pulsational motions of the stellar enevelope on the time interval spanning several hundred pulsation cycles. The instability growth rate η = Πd ln E K,max /dt was determined from maximum values of the kinetic energy on the initial integration interval where ln E K,max changes linearly with time t. An inverse of the growth rate is the number of pulsation cycles corresponding to either increase or decrease of the maximum kinetic energy by a factor of e = 2.718 . . .. The most striking feature of the plots displayed in Fig. 3 is stability against radial pulsations of stars with luminosity 6000L ⊙ < L < 8700L ⊙ and pulsational instability at luminosities beyond this interval. The discrete Fourier transform of radii r j of the hydrodynamical models allows us to conclude that stars with luminosity L < 6000L ⊙ pulsate in the fundamental mode whereas stars with L > 8700L ⊙ are the first overtone oscillators. The difference in pulsation modes is illustrated in Fig. 4 where the radial dependences of the normalized power spectral density of the radial displacement |∆r/∆R| are shown for two models indicated in Fig. 3 Nevertheless, the temporal dependences of the bolometric light M bol and the velocity of the outer boundary U do not show significant differences in the oscillation amplitude and the shape of the curve (Fig. 5) . At the same time the hydrodynamical models of fundamental mode and first overtone pulsators reveal significant differences on the period-luminosity and period-radius diagrams (Fig. 6) . Periods of fundamental mode pulsations are Π < 158 day and for first-overtone pulsations Π > 144 day.
For the fundamental mode pulsators the period-luminosity and period-radius relations can be approximated as log L/L ⊙ = 2.42 + 0.595 log Π,
log R/R ⊙ = 1.40 + 0.428 log Π,
6 and for first-overtone pulsators log L/L ⊙ = 2.04 + 0.855 log Π,
log R/R ⊙ = 0.77 + 0.781 log Π,
where the pulsation period Π is expressed in days.
pulsation period change Fig. 7a shows the temporal dependence of the stellar luminosity L for the evolutionary time interval spanning three (from seventh to ninth) helium flashes. As in Fig. 3 the mean values of the luminosity of hydrodynamical models are shown for both positive and negative growth rates. In contrast to the first helium flash all unstable models are the first overtone pulsators. The filled and open circles show the mean luminosities of hydrodynamical models that are unstable (η > 0) and stable (η < 0) against radial oscillations. 14
